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ABSTRACT 

This investigation of cogn itive effort begins with* a 
review of cognitive principles relating to memory and graphic 
encoding of information. The cognitive framework described allows 
explanation of improved memory due to reparsing of graphic 
representations. It also provides the basis for optimizing graphical 
material design to insure best retention of encoded material. An 
experiment is described using a 4 (graph type) by 3 (question) 
within- subjects design, each subject (N=10) participating under all 
conditions. Thirty-six graphs were displayed completely at random. 
Subjects were informed that the purpose was to test perception of 
certain display properties and told to respond as quickly as possible 
without making errors. A graph was shown and subjects executed the 
response. The experimenter recorded latency and noted errors. Tests 
were then administered, one to recall a missing property, the other 
simple recognition *of graphs rated on a confidence scale. The results 
support the hypothesis that incongruency between information to be 
communicated and its graphic representation leads to reparsing and 
better memory. A list of eight references, three figures, and five 
tables are attached. (JM) 
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MEMORIAL ^ONSt^UtttfCES OF DISPLAY CODING 



Introduction 

Situations truquentLy ,^nse where demands are placed upon our m' "y for 
information previously encountered in graphic displays* These displays are 
commonly toun i in textbooks & technical documents, dialr meters, and cuinput^r 
displays. It the retention of the information from those sources is inadequate 
for the situation* processing and performance will suffer* For example, in a 
text or technical document, information from a graph seen earlier must be 
recalled at a later point and combined with newly acquired information if the 
mam points of an argument are to be understood* It would be exceedingly 
difficult for the reader to form a coherent understanding of the argument if 
the reinvent information could not be recalled since this would require cjoing 
back and forth between pages* As another example, in process control situa- 
tions, tin operator may be required to integrate recently aquired system status 
information with current status information in order to respond decisively* 
especially if an off-normal condition has occured* tf this recently acquired 
information has not been stored sufficiently* the appropriate decision will be 
delayed* 

Situations may also occur where the retention of information is undesire- 
able* For example, Hopkm (1*380) points out that m the air traffic control 
(ATCJ environment, much of the information* once used, is no longer needed by 
tho decision process * This previous information would then constitute unwanted 
noisrt if persistently recallod* In a high ?^ret;s environment such as the ATC, 
the presence of noise Can have deleterious effects* 

Thei>e examples point out the need in the display design process to iden- 
tity u-Sftr iTiomory requirements imposed by the task e**rly in the process and to" 



1 



take impropriate ^t t ps to ensure that the requirements are sastisf j % d ♦ One 
such stop would Ijo to choose the display format to aid or hinder the retention 
process* Recent theories of memory (cf* Craxk & Jacooy, 1979; Craik & Tulvmg, 
1 9 7 S j Wmograd, 1 l ->7d) have suggested that m^ tor stimuli is a function of 

the amount ot perceptual analysis given the stmdli, the more extensive the 
analysis^ the better the nemory* With regard to graphic displays, Simeox 
(1902) has recently shown that the extent of perceptual analysis given the 
display depends on how the task relevent information is code,d» Thus it appears 
t.hat on the surface, a link exists between display coding and memory and the 
objective of the investigation is to verj f y this link empirically^ 

The connection between display coding and memory is provided by the amount 
of cognitive effort required to perform the perceptual analysis of the inputs 
Cognitive effort i^ the amount of processing resources of the limited-capacity 
control processor allocated to an information-processing task in order to 
satisfy the demands of the task (Kahneman, 1973)* 

Memory and Cognitive Effor-t 

The concept of cognitive effort was proposed by Tyler* Hertel, McCallom & 
Ellis (1975) to account for performance differences in a word-recall test* 
They had subjects perform both a semantic (sentence-completion) ^nd nonsemantic 
(anagram) task m an incidental learning paradigm and later tested each subject 
in a free recall task* Within each t^sk type* subjects were given a low-effort 
and hnjh-et fort condition* For example, the word doctor was transformed into 
the anagrams dflf toe 'low-effort) and croodt (high-effort)* In the sentence 
completion task, the missing word in a Jow-effort sentence was judged to be 
almost redundant with other information in the sentence while for hiLjh-effort 
>er Alices, th© word was> less determined by other information* For example, 
'jivfjn Khii wot^ drejjTi , a low-effort sentence would be: The girl was awakened by 
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imr i r i iJh tvm vi\\ * A high-effort sentence would be the following: The 

man was alarmed by the frightening . Further, an independent measure 

of the level />f effort required was provided by reaction time to an auditory 
probe (cf* Pew* VJ79 " a discussion of secondary task methodology)* Tyler 
et* al* (197 c >) fou.id tnat for each task* recall was reliably better in the 
hign-+*rfort condition than die low-effort condition* Additionally* recall 
performance was mirrored by probe reaction time data* 

Cognitive effort can also be used to account for performance differences 
m recognition tasks* For example* Kolers (1?75) had subjects recognize inver- 
ted and normal oriented sentences* Two groups of subjects were used* One 
group of subjects were relatively unskilled at reading the inverted typography. 
The other group of subjects were highly skilled in reading the inverted typo- 
graphy* so nuch so that their reading times were on par with times to read 
normal texn* Both groups of subjects read decks of normal and inverted sen- 
tences and then were required to recognize these sentences amongst a set of 
distractor<> * He found that with respect to tho unskilled subjects* sentences 
in mvirtea typography were more correctly recognized then sentences read in 
the normal typography* However* the outcome was quite different for the highly 
skilled subjects* Th^re was no difference m recognition performance between 
inverted and normal typography* Thus* the extended practice at reading inver- 
ted text reduced its advantage to memory* Kolers (1975) argues that extended 
practice allowed automatic recognition procedures to develop which are rela- 
tively effortless (Sniff rm & Schneider* 1977), whereas sue \ procedures were 
nut po:^iole with the unskilled subjects* These subjects instead had to resort 
to ( -r>n trolled processing strategy requiring greater processing resources which 
in uirn increased memory performance* 
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Cognitive Effort and the Graphic Coding of Information 

tn t M'OMit information processing account of how the choice of display 
format.** can affect the oase or difficulty of processing information in graphs, 
.^lmOox describe the interaction in terms of the amount and nature of 

cognictv*? otforr oxerted in extracting the reJev^nt information* When a 
jraphic display is encountered, it must be perceptually represented by its 
primary encoding features* It is assumed that thi^ representation is activated 
by tne display properties thenseLves* The identification of the display will 
be accomplished by comparing this perceptual representation to an activated 
memory representation or graph schema set by the contextual situation* This 
identification then nakes available the relevent information by a simple look 
up its value in the corresponding portion of the activated schema* 

Suppose the context induces an expectancy or schema that is incongruent 
tfith the perceptual representation* The output of the comparison process then 
indict t6S a mismatch, implying that the relevent information is not in the 
perceptual representation* The schema then directs a reparsind of thxs rep- 
resentation m order to obtain the aopropriate information* This means that wa 
mu-st look at the graph differently then we miqht be accustomed to* The repars- 
ino r can take on many forms for example, such as a search of the sensory buffer 
for tne reinvent information or a computation of the relevent information from 
the activated representation* But whatever form it takes, this reparsing re- 
quirori additional processing resources ot cognitive effort* 

Vor example, suppose we are given the four ba^ic graphic dioplays shown in 
Figure 1. The first display is defined by properties of pairs of lines on two 
L-shaped frameworks; the second display is defined by properties of pa » rs of 
li*\is on a -single L-shaped framework; the third and fourth displays are defined 
by propertied of pairs of unconnected and connected points respectively on L- 
>hap^d frameworks* Formally, we can define thft^e properties as the dimensions 



of i^'iithjn ,mi houjht of each point oi the pair. However, the heights of both 
point ire n<jt the only properties that can perceptually define the four dis- 
plays* ; 'or instance/ .is we mow from left to right across the displays, from 
display ia to display 1 D, the defining properties intuitively seem to shift 
Eroir tiio -*m cuxiponunt dim^n^ions to dimensions reflecting relationships between 
the pair ol points, culminating m slop* and overall height ot the pair, 

INSERT FIGURE 1 HERE 

U->in<; x speeded classification task in one experiment, Simcox (1982) had 
subjects classify stimuli of the form shown m Figure 1 on thf basis of one or 
the other ot th^ component dimensions/ tne individual heights/ or one of the 
dimensions H^tinod bv the pair of objects at a perceptual, unit, i*e* slope and 
overall height* fte found that as the degree of mcongruency between response 
basis (e,g, slope) and display format (e *g* lines on two frameworks) increased/ 
classification time increased* This increased classification time was taken to 
reflect increased resources needed to reparse the data-driven representation in 
order to respond appropriately* 

In another experiment, scale values were included in the displays of 
Figure 1, and subjects were asked conceptual questions about the information 
cont.iLrnvi in these displays* The information referred to either trendr average 
level, or component values of a pair of variables* Latency of response was 
ineasur^di Th*; result:^ showed a inonotonic increase in latencies for a particu- 
lar display typf; as the mcongruency between response basis arid disolay format 
merer*. :f^i . ^mc^ ail displays wer« equated for legibility and type of 
o?spons*;/ th,;> monotonicity in latencies observed was attributed to the ln- 
:r»M'i'i(l .'ttori needed to reparst* the pnrc^ptual representation in order to 
"Xtrarrn Lh*i J ^ vent information * 



Memory a nd th e graphic Coding of Information 

The studies of Tyler et al ( 1 979) and simcox (1982) suggest that cognitive 
effort is the mediating variable between graphic information coding and the 
retention of this information* However, there has been no systematic resea 
to date Linking the two through a manipulation of effort* There has been a 
Small amount of research on the retention of displayed information (Vernon, 
1946, 1952; Washburn, 1927), but these studies contrast graphs with other media 
(primarily tables and prose paragraphs), are methodologically flawed, and con^ 
found tho different cognitive components to such an extent that they are of 
little use* 

There tor«, the purpose of this investigation was to test the hypothesis 
that an increase in cognitive effort necessitated by the type of display coding 
'jsed //ill lead to better memory performance for the coding dimension of the 
display* Sets of displays of the types shotfn in Figure 1 were used* Using an 
incidental learning situation, sub3ects were initially asked questions about 
some conceptual property of the display- This property will be information 
concerning the trend, averacje level and component value of a variable Y* 
Subjects were then shown graphs of one of the four types from which to extract 
the information* Response latencies are measured* if the conceptual question 
induces an expectancy or representation other than that defined by the primary 
encoding features (i*e- the default vJ-sual representation), increased latency 
to the (jue^tiun answering task can be expected since a reparsing would be 
railed for* Further, the more reparsing necessary, the more effort allocated, 
the jreat*;r the response time* Thus, for the displays shown in Figure 1, a 
monotonia increase in response latencies would be expected as we Move from 
lines on f -wo frameworks to connected 1 points when responding in terra of a com" 
ponent value question for reasons outlined earlier* Similarly, the opposite 
expectation results when responding on the basis of either trend or average 
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l^vol. That is, \ raonotomc increase would result as we move from connected 
points to lirujs on two frameworks, 

Upon completion or" the task, subjects were given a retention test on the 
displays if latency is fin indicant of processing c ort and if increased 
etfort r^ults in a ^router memory advantage* then retention performance shouli 
exhibit thi* iam^ nonotonic relationship as the latency data for the *jraph types 
and questions, 

METHOD 

Subjects 

Ten Col/Datacrown coworkers served as subjects m this experiment* None 
of the ten subjects had performed in the first experment. 

Stimuli 

The stimuli were sets of slides of displays representing each of the cjraph 
types, one display on each slide. For each of the four graph types (lines on 
two frameworks , lines on one framework* unconnected points^ and connected 
points), s*ts of nine different displays were chosen. This results m a total 
of thjrty-six different displays. Each display communicates two pairs of 
values between a dependent variaole y and an independent variable X, The vari- 
able Y ranged Jn valuo from 0 to 6, while the variable X took on the values 1 
and 2, Within each <jraph type* twenty-five different displays were generated 
from the ortnorgonal combination of the set {2,3,4,5,6} of Y values at cnoh 
value ->f X m the set (l*2}* The twenty-five different combinations of values 
are nhown in Table 1, 
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!iot»* ircnn the tab lo that ten displays have an increasing trend, ten dis- 
plays have a dt*o charting trend, and five displays have an unchanging trend* 
Alio, considering ■ the displays in terms of the component properties, five dis- * 
plays eacn have a imaeric lue 2 thru 6 at X=1, and five displays each have 
values 2 r.hni *j at X=2* Knally, note that with respect to the average value 
or level of the two component Y values* six displays hava an average lavel 
equal to or less than 3, which is called low and six have an average level 
greater than or equal to ^>* which is high* The remaining thirteen displays 
have average lev^i between 3 and 5, which is medium- 

Thus, it is possible to use these twenty-five graphs to convey three dif- 
ferent types of information* trend, absolute value, and average l^vel* Each of 
these types of information can in turn be described by either three sets of 
linguistic values (increasing* decreasing, unchanging; low* medium, high) , or 
by six numeric values (2, 3, 4, 5, 6)* The nine displays representing each 
graph type were then chosen from each of these sets of twenty-five* 

Th^ siiiles were then projected on a screen located 250cm from the subject. 
At this viewing distance* the distance betwen the two points varied between 
0*36 and W?0 degrees of visual angle for the single framework graphs and 
between 2*2 and 3*2 degrees of visual an<jle for the two framework graphs* 

Design 

A 4(Crapn Type) X 3(<„Aiesti0n) withm-sub^ects design was used* each sub- 
ject participating under all conditions- Additionaly, the order' of the thirty- 
six graphs vas completely randomized fot each of the ten subjects* 

Throe graphs each were assigned to each of the three question types for a 
toti-iL ot nine graphs* Within each graph type, the nine graphs wore randomly 
chosen subject to the following constraints* One graph of each trond value 
(increasing, decreasing* unchanging) was assigned to each question type* For 
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trend and L«*v^L questions, .an additional constraint is that these trend values 
must occur ^ith different lev^l values (i.e* low, medium/ high)* tor example/ 
wi th respect to the trend question, one graph had a nega* ive trend and a medium 
1 *el, another jraph had a positive trend and low level, and the third qraph 
hcJ an nnchanairiq trend and a lnqh level. Also within each graph type, the 
component values qeneratmg the graphs were unique* The saiae was true with 
resect to question type* For the value question, the only constraint was that 
each vjraph had to have a unique value* 

Procedure 

Subjects were seated at the appropriate distance from the screen and 
handed a booklet containing thirty-six questions* They were informed that the 
purpose of the experiment was to test their perception ot certain display 
properties and were told to respond as quickly as possible but without making 
errors. The questions were of the form "The trend in Y is?", "The average 
Level of Y ±s? M , and "The value of Y at X={1?2) is?". Subjects studied each 
quej^ion in turn and when they felt comfortable with the question and response 
categories, they signalled the experimenter* A graph of one of the four dis- 
play types Ais then shown and the subject executed the appropriate response* 

Time from onset of graph to response was recorded to the neatest milli- 
second using a Model $4035 (Lafayette Instrument Co*) clock/counter* A voic^ 
activated key ja$ used to measure the latency of this response. Its activation 
stopped the response clof:k/r^unLer and closed the shutter to terminate the 
^tinulu'i presentation. The experimenter recorded the Latency and noted any 
errors* ^ubi^cts were not mtormed of any times or errors, but all subjects 
opened to know when they made an error. At the halfway mark of each session a 
briet rest period was allowed* Prior to each sossion, a practice trial com- ' 
priiimj 18 questions and graphs was performed* 
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Up\ji\ funp Lotion of thu part of tho experiment, subjects were given a test 
nooklet containing thirty-sjx frameworks* nine of whicrn were multiple d«e* 
tjo) , ch framework contained the property of the display that was used to 
extract the an:>w^r* l^e subject was then & M to recall the other property. 
For example, a display representing pairs of lines on a single framework would 
oe shown with -i line of height 6 at X=2 corresponding to the prior question 
"Tne value of Y at X=2?" of which the answer was 6, The subject's task was 
then to recall the value at x=l. Similarly, a subject could be given the posi- 
tive, negative, or unchanging slope and asked to recall the level or vice 
versa, ^ correct hit was scored for either the trend or level variable if the 
correct linguistic value was given, regardless of whether or not it was exact. 
That is, for a particular graph, if a high level occured with an increasing 
trend, then the recall of any increasing trend whether or not it was the actual 
trend seen was scored as a hit. 

The displays were drawn such that at a reading distance of about 28 cm, 
they subtended th* same visual angle as the displays seen on the slides* This 
was to* ensure that all the relevent perceptual cues were operative. 

After ths recall testy, subjects are handed another booklet containing 
seventy-two graphs and told that the thirty-six graphs they had just seen were 
part of this set. They were instructed to indicate which of the seventy-two 
they had s^en and to give a confidence rating defined on a 5-point scale of 
their answer* The scale was as 'fellows? 1) certain) 2) highly confident; 3) 
confident; 4) somewhat confident; 5) not confident at all* 1 In this task, 
hits were scored only for a correct natch* 



r^r purposes ot" further analysis, these ratings were collapsed on a three 
point seal** with a 1, 2, .ind 3 rating mapped into 3, a A rating mapped into 
2, and die T j rating mapped into 1« 
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Results and Discussion 
Response Times 

The mean response tim averaged over subjects for question type and graph 
typo are shown in Table 2 and can be summarized as follows: a) Level questions 
resulted in longer response times titan did Trend or Value questions/ and b) The 
pattern of results for a specific question seei?s to depend on the graph types 
chosen to represent the information* The first, but not the second statement 
is supported by an analysis of variance ( At] OVA) on the response times (log 
transtormed) in which &iestion TyP e was a reliable source of variation^ F(2#18) 
= 46,tf6, p < ,001, but the interaction between Question and Graph was not, 
F(6, 54) = 1 ,44, p < ,21 . 2 



The finding that level questions took longer than either trend or value 
questions was not surprising since a response to level questions involved a 
mental interpolation followed by a mapping to the Y axis and then applying the 
decision rule, 3 In all likelihood/ the increased time reflects increased 
resources necessary to invoke the decision rule and not increased resources 



^The absence of a Question X Graph interaction wuS not unexpected because of 
power considerations. The primary emphasis was in detecting differences in 
retention data, not in the tine data. Thus, sample size was chosen on the 
basis of critical retention differences. If we want sufficient power to 
detect the differences shown in Table 2, sample size would have to be about 
twice the size used here, 

^The decision rule was the following: 



INSERT TABLE 2 HERB 



Level - 



Low 

Medium _3 <y<5 
High Y<5 




noCt. i S'5 iry to r^parse the representation* Thus, we would not expect to see any 
overall advantage ot this question type on memory performance* The advantage 
will only be ^eon rfitnin a question type to the extent that resources are allo- 
cated to reparse ti- perceptual representation* and that will depend on the 
incongruence b^cveon tjraph and question* 

Response ciues as i function of graph type, for each of three types of 
questions are plotted in Figure 2A* While these are not reliably different in 
this situation* their values are indicative of the monotonicity we would expect 
a? tho decree ot incongruency between question and graph increased* The dashed 
lines, drawn by visual inspection* emphasize the monotomc relationships sug- 
gested by the interaction- Thus* we would expect the retention data to follow 
these trends* 

Recognition Response 

The probabilities of correct recognition for the two experimental condi- 
tions are shown in Table 3 and also plotted in Figure 2B for illustrative 
purposes* Thesfc results are summarized as follows; a) it appears that ixj 
particular question type results in a greater memory advantage; and b) it does 
appear that recognition advantage is dependent on the specific question and 
graph type* Again, both observations are supported by analysis of variance 
(ANOVA) on the transformed (square root arc sine) scores* Main effects of 
question type w^re not reliable/ F(2,54 = 1*54, p < *24, but a reliable 
interaction between question and graph type was indicated, F(6,54) = 3*14, 
p < *01 * 

One deviant point in need of explanation is apparent in Tahiti 3* For the 
tr^nd ,[U(?stion, the graph type defined by the connected points chows a proba- 
bility ot recognition ot 0-53, the highest value within the question type* The 
expectation was that this recognition score would be at lea^t t lower than either 
the ^core tov the lines on two frameworks on the score i'or the Lines on a 
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■* j_ ri< j L ^* r iMin***fur!; * A possible explanation of this apparent discrepancy is arti- 
factual* Note that the component heights ranged from 2 to 6 and the slopes 
could be increasing decreasing, or unchanging. One display in this group had 



level ,md -in unhanging trend, Thu.>, when the display was encoded, it iri quit** 
possible that an Extremeness 1 tag was also appended to the representation* 
Such a tacj should, therefore, increase the memonabi li ty for this specific 
display* Removing this potential confounding results in a probability of 
recognition of only 0*27, a fifty percent change. 



Figure 2li is shown with this confounding removed. Note from the figure 
that recognition probability shows the same monotonia relationship as response 
times* The tr*>nd Imes^ drawn by visual inspection, emphasize the direction of 
t u relationship* One possible explanation that must be considered is again 
artifactuaU Inspection of the false al^rm probabilities t shown in Table 3, 
indicate that they are of the same magnitude as the hit probabilities* Thus^ 
the curves of Figure 2B might be representative of a guessing strategy. 

To test this possibility^ the hit probabilities associated with the 1, 2, 
and 3 ratings wer« analysed- It was thought that this subset would provide a 
more sensitive measure o£ recogni tion performance t since these ra tin js corres- 
pond to a relatively high Contidence in the recognition* Table 4 ^hows the 
probability ot recognition for this category of answers* Similar patterns of 
results amerdt*. That is^ recognition advantage for a specific question type 
seens Vj dupend on the graph type chosen to represent the information* This 
observation ls again supported by an analysis oC variance on the transformed 



as values for lcs encod 4 



features ( l *e * slopes overall height) a maximum 
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scores. An irif-r action, between question and graph type was the only reliable 
source or" variance, :"(b,b4) ~ 2*33, p < *045* 

■HSEKT TABLE 4 HERE 

Tne prepaid explanation foe this £iestion and Graph Type interaction is 
that more conqnitive effort directed at the reparsing operation when an 
mcoa^ruency ^xL->ts provides a more durable trace* This increased durability 
thus i*Mds to a subsequent recognition advantage. Such an advantage does not 
result ,/hen the encoding features are congruent with the conceptual message* 

Hocall Response 

Tanle 5 -shows the recall probabilities for the dLfferent graph types and 
questions* Unlike recognition performance, recall performance is insensitive 
to the arcount and nature of the increased resource allocation* h\\ analysis of 
variance provi-des no reliable source of variation for this measure* 
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Storage or^ re tneval * Why are the two measures of memory performance so 
di t"f erent? In a model of the memory performance, Chech 1 1*3 and Meyer (1976) 
use^ both recall and recognition to distinguish between storage failures and 
retrieval failures* Briefly, when a stimulus is encounted it can either be 
stored or not stored* Thus, at the time of test if the stimulus is not stored, 
then retention wiLl not be evidenced/* However, even if the stimulus is 
itofin, retention nay not occur for 7^t another reason* At time of test, 
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I have over Simplified the model for discussion purposes- It is of course 
j'os^uile thai- the subject could invoke a guessing strategy and de-monstrate 
correct retention* However, the model can account r/jr such a strategy by an 
estimate ot a guessing parameter generated from test datd and racing data. 
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a :i\ >r**>\ i"\ *i\ ,on\\i t ion is either retrieved or not retrieved* If it is not 
retrieved thon retention will not be evidenced* Thus/ we have two different 
processes that convci:^ on the same result/ low retention performance* The tvo 
procossos are parti tioiitid through * following assumption? In a recognition 
taak, a stocuA >tinnLui> will always be retrieved- Thus/ by contrasting recog- 
nition and recall data, it is possible to assess retention performance as a 
consequence of either storage or retrieval failures* 

The data in this experiment indicate that the reparsmg operation with its 
increased use of resources increases the advantage of storing the stinuli, bilt 
not retrieving it* Broadly speaking/ recall differs rrom recognition in that 
recall requires a cue or probe to be generated internally in order to activate 
tht? stored representation/ while in recognition the cue is provided by the 
stimulus itself (Shift'rm, 1970)» Thus, the reparsmg operation has relatively 
little affect on generating the correct probe* 

GENERAL DISCUSSION 

The results of tins experiment support the hypothesis that an incongruency 
bet^aen information to be graphically communicated and the graphic representa- 
tion of this information leads to a raparsing of the corresponding perceptual 
representation* This reparsmg is a resource demanding operation and shows a 
neraory advantage having its greatest utility in terms of the storage process* 
The repor-sing necessitated by the inconcjru^ncy may lead to a more elaborated 
traco of tha representation (Craik and Tulving/ 1075)- for example/ wh^n asked 
to r*tt*;nd to a component valuo of the graph depicted by the pair of connected 
points/ there would be no parameter in the perceptual representation ot that 
display that would allow' one value to b f * processed (*?*g* looked up) while the' 
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oth*»r valut' l> L^tt aloru?* Rather the slope and level parameters activated 
would implicitly contain information about the component values/ a;ui so both 
valutas ^oul,l t>*± processed to arrive at the correct representation* Thus, ela- 
boration rfoisld h^ui to a repr- 'entatio.i of thi^ display that is more 'distinc- 
tive' ^r ii'SiSimiLir th^n ochex. i in memory since more of its attributes are 
involved in th*i processing * This distinctiveness would produce and ai van cage 
during recotjin tion * 

On the oth^r hand/ a congruency between encoding features and conceptual 
information would not produce an elaborated representation and so no advantage 
m recognition would be seen (see Wmourad, 1 98 1 for a similar argument with 
respect to memory for faces)* This is because the correct parameter would be 
activated and couii thus be processed while the others remained inactive* 

Relevance to Displays 

At first glance/ the results seem ^onterxntuitxve to what should be the 
guidmq tenet in display design, that is, design displays such that the least 
amount of cognitive effort is needed to extract of the relevent information* 
Thft results reported in this experiment suggest that if the retention of infor- 
mation is critical, then one should violate this tenet* However, before we run 
off and begin designing poor displays to represent our information/ the results 
should bft taken to mean that if retention or processing of other attributes of 
a display is iesired/ then some 'means of inducing a nore extensive elaboration 
ii i n order* This could be nothing more then an accompanying context that 
directs attention to these other attributes of the display* All that is 
necessary l;s to have observers invoke a reparsmg of the display* As stated, 
this <:an b f x done in a controlled manner* 
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Figure 1 Four Symbolic Displays 
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GRAPH TYPES 



Fiqure 3 Probability of Recognition as a Function of pucstions and Graph Types for Yos(3) Responses. 
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TABLE 1 



Qrtfioqon<al Combinations of Defining Values 



Value of Right 
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of 
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Mean Response as a Function of Graph and Question Type 

MEAN RESPONSE TIME (sec) 
Grapn Types 



(jues tion 
Trend 

Value 



Lines on 
two frameworks 



1 .005 
2*565 
1 *48l 



Li nes on 
one r f ramework 



1 *101 
2*415 
1 *322 



Unconnec ted 
points 



1 *039 
2*360 
1 *524 



Connected 
points 

0*914 
2*398 
1 *571 
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TABLE 3 

Probability of Recognition as a Function of Graph and Question Type 

PROPORTION RECOGNIZED 
Graph Types 



{Question 

Trend 



Lines on 
two frameworks 



0*47 



Level 0*50 
Value 0*30 
False Alarms 0*40 



Lines on 
one framework 



0*33 



0*60 
0*40 
0*29 



Unconnected Connected 
points points 



0*20 

0*50 
0*33 
0*33 



0*53 
<u*27)* 

0*37 

0*63 

0*38 
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TABLE 4 



Proh.ihL L tt:y of Ftecoqmtion as a Function of Question and Graph 
Type for Yes (3) Responses 



Graph Types 



Question 
Trtmd 
Level 
Va iur? 



Ll.i***3 on 
two frameworks 



0,14 
0*28 
0,1 1 



Linos on 
one. framework 



0,25 
0,22 
0,14 



Unconnec ted 
points 



0,1 1 
u.19 
0,1 1 



Connected 
points 



0,19 
0,17 
0*31 



TAB LB 5 

Probability of Recall as a Function of Graph and Question Type 

PROPORTION RECALLED 
GraphTypes 



Question 

Trend 
v^l 
V^lue 



Lines on 
two frameworks 



0,10 
0*13 
0*00 



Lines on 
one framework 



0*13 
0*13 
0*07 



Unconnected 
points 



0*10 
0*07 
0*07 



Connected 
po in ts 

0.03 
0.17 
0*03 



